Increasing doses of ketamine curtail antidepressant responses and suppress associated synaptic signaling pathways.
Clinical findings show that a single subanesthetic dose of ketamine elicits rapid antidepressant effects. Accumulating data suggests that ketamine blocks the N-methyl-D-aspartate receptor and results in specific effects on intracellular signaling including increased brain-derived neurotrophic factor (BDNF) protein expression, which augments synaptic responses required for rapid antidepressant effects. To further investigate this potential mechanism for ketamine's antidepressant action, we examined the effect of increasing ketamine doses on intracellular signaling, synaptic plasticity, and rapid antidepressant effects. Given that ketamine is often used at 2.5-10 mg/kg to examine antidepressant effects and 20-50 mg/kg to model schizophrenia, we compared effects at 5, 20 and 50 mg/kg. We found that intraperitoneal (i.p.) injection of low dose (5 mg/kg) ketamine produces rapid antidepressant effects, which were not observed at 20 or 50 mg/kg. At 5 mg/kg ketamine significantly increased the level of BDNF, a protein necessary for the rapid antidepressant effects, while 20 and 50 mg/kg ketamine did not alter BDNF levels in the hippocampus. Low concentration ketamine also evoked the highest synaptic potentiation in the hippocampal CA1, while higher concentrations significantly decreased the synaptic effects. Our results suggest low dose ketamine produces antidepressant effects and has independent behavioral and synaptic effects compared to higher doses of ketamine that are used to model schizophrenia. These findings strengthen our knowledge on specific signaling associated with ketamine's rapid antidepressant effects.